T-odd correlations as physical observables in the B → K * ℓ + ℓ − decay have been studied using the most general form of the effective Hamiltonian. It is observed that these quantities are very sensitive to the new physics. We estimate the potential of discovery of these quantities at future hadron colliders.
Introduction
Rare B decays, induced by flavor changing neutral current (FCNC) b → s(d) transition, provide potentially the stringiest testing ground in the Standard Model (SM) at loop level. Moreover, b → s(d)ℓ + ℓ − decay is also very sensitive to the new physics beyond the SM. New physics effects manifest themselves in rare B decays in two different ways, either through new contributions to the Wilson Coefficients existing in the SM or through new structures in the effective Hamiltonian which are absent in the SM.
Recently, time-reversal (T) violation has been measured in the K 0 system [1] . Unfortunately, the origin of T, as well as CP violation which also has been obtained experimentally in K 0 system, remains unclear. In the SM, both violations come from a weak phase of the Cabibbo-Kobayashi-Maskawa (CKM) matrix [2] . SM predicts also violation of CP in the B 0 system (see for example [3] ). The study of CP violation constitutes one of the main research area of the working B factories [4] . These factories have already reported evidence for the CP violation in the B systems, namely sin 2β = 0.741 ± 0.067 [5] . In this work we investigate T-violating effects in the B → K * ℓ + ℓ − using the most general form of the effective Hamiltonian. It should be noted T-violation effects in the Λ b → Λℓ + ℓ − and B → K * ℓ + ℓ − decays were studied in the framework of the supersymmetric model in [6] and [7] as well as in the Λ b → Λℓ + ℓ − decay using the most general form of the effective Hamiltonian in [8] , respectively.
It is known that for a general three-body decay, the triplet spin correlations s · ( p i × p j ) are the T-odd observables, where s, p i and p j are the spin and final momenta of the final particles. Thus in the B → K * ℓ + ℓ − decay, the T-odd observables can be constructed in two different ways.
• either by choosing lepton polarization as the polarization of the final particles,
• or by choosing polarization of K * .
The first possibility, i.e., the choice of the lepton polarization in the B → K * ℓ + ℓ − decay, was studied in detail in [9] . For this reason in the present work, in investigating the Tviolating effects, we choose the second possibility, namely, we choose K * polarization to represent the polarization of the final state.
The paper is organized as follows. In section 2, using the most general, model independent form of the decay amplitude for the b → sℓ + ℓ − transition, we study T violation in the B → K * ℓ + ℓ − decay. Section 3 is devoted to the numerical analysis and concluding remarks.
Theoretical background
The matrix element of the B → K * ℓ + ℓ − decay is described by the b → sℓ + ℓ − transition at quark level. The decay amplitude for for the b → sℓ + ℓ − transition, in a general, model independent form can be written in the following form [9] - [11] 
where L = (1−γ 5 )/2 and R = (1+γ 5 )/2 are the chiral operators and C X are the coefficients of the four-Fermi interaction. Note that this form of the decay amplitude is motivated by various extensions of the SM, such as the two Higgs doublet model and supersymmetric models. The first two of these coefficients, C SL and C BR describe the penguin contributions which correspond to −2m s C + C 10 ), respectively, i.e.,
The remaining last four terms describe the scalar type interactions.
is given by [12, 13] C ef f 9
where
are the masses and the widths of the ψ family, and Y pert (q 2 /m 2 b ) arises from the one-loop matrix element of the four-quark operators and can be found in [12, 13] . The last term in Eq. (3) describes the long distance contribution from the real intermediatecc states [14] . The factor κ i for the lowest resonances are chosen as κ J/ψ = 1.65 and κ ψ ′ = 2.36 (see [15] ) and for the higher resonances the average of the κ J/ψ and κ ψ ′ have been used.
Exclusive B → K * ℓ + ℓ − decay is described in terms of matrix elements of the four quark operators in Eq. (1) over meson states B and K * , which are parametrized in terms of form factors. The decay amplitude for the B → K * ℓ + ℓ − decays is found to be
where P = p + p B , q = p B − p, and p and ε are the K * meson four-momentum and fourpolarization vectors, and V L i and V R i are the coefficients of left and right handed leptonic currents with vector structure, and S L,R are the coefficients of the scalar currents with left and right chirality. Definitions of the form factors and functions V L i ,R i can be found in [16] .
In order to obtain T-odd terms ǫ µναβ q µ ε * ν p α ℓ P β , we study the
where ε V * is the polarization vector of the virtual intermediate vector boson (γ or Z), satisfying the relation
where the summation is over the helicities λ V * = ±1, 0, s of the virtual intermediate vector boson, with the metric defined as η + = η 0 = −η s = 1 (see [17, 18] ). In Eq. (6), J ℓ µ and J i µ represent the leptonic and hadronic currents, respectively. Using Eqs. (4-6), we get for the helicity amplitudes
where θ ℓ is the polar angle of position in the rest frame of the intermediate boson with respect to its helicity axis. Explicit expressions of the functions A and B are presented in the Appendix (see also [16] ). Using the helicity amplitudes given in Eq. (7), the angular distribution in B → K * (→ Kπ)ℓ + ℓ − is given by the following expression
Various angles in Eq. (8) are defined as follows: θ K is the polar angle of the K meson in the rest frame of the K * meson, measured with respect to the helicity axis, i.e., the outgoing direction of the K * meson. θ ℓ is the polar angle of the ℓ + in the dilepton rest frame, measured with respect to the helicity axis of the dilepton, and ϕ is the azimuthal angle between the two planes defined by the momenta of the decay products K * → Kπ and V → ℓ + ℓ − . Also, explicit expressions of the functions N i are given in the Appendix. It follows from Eq. (8) In order to discard terms ∼ ImC ef f 9 C * 7 which give rise to T-violation in the SM, we consider the following T-odd observable
where O is the T-odd correlation, given by
In the K * rest frame, O = cos θ K sin θ K sin θ ℓ sin ϕ. The statistical significance of the T-odd observable in Eq. (8) is determined by [7] ,
It should be noted that in in Eq. (11), integration over q 2 is carried out in order to eliminate the q 2 dependence of ε. Our final remark in this section is that, T-odd effects that are related with the CP violation and CP violating asymmetry between the decay rates of B → K * ℓ + ℓ − andB →K * ℓ + ℓ − are discussed in the second reference in [10] .
Numerical analysis
In this section we will study the dependence of the statistical significance ε on the new Wilson coefficients. For the B → K * transition form factors, which are the main input parameters in ε, we use the light cone QCD sum rules method prediction [19] - [21] . The dependence of the form factors on q 2 can be written in terms of the three parameters as [20] .
The value of the parameters F i (0), a and b for various form factors are presented in table 1 .
In further numerical analysis, we use next-to leading logarithmic approximation results for the values of the Wilson coefficients C 7 , C ef f 9
and C 10 at µ = m b [12, 13] . As has already been noted, in the process under consideration, only short distance contributions are taken into account in the Wilson coefficient C From these figures we see that ε gets its largest value for C LL about 5%, for C LR and C RR about 3% and C RL about 4%, for the B → K * µ + µ − decay.
1 The latest result released by the BaBar Collaboration for the branching ratio of the
The situation is quite different from the previous case for the B → K * τ + τ − decay. In this case contributions coming from the scalar type interactions are dominant (see Figs. (5)- (8)), while vector type interactions give negligibly small contributions to ε. We observe from these figures that ε gets its maximum value ∼ 4% for C LRLR and C RLLR . We also note that in the present work C BR and C SL are assumed to be identical, as is the case in the SM, since experimentally measured branching ratio of B → X s γ decay is very close to the SM prediction [23] - [25] .
Finally we would like to discuss the detectability of ε in the experiments. In order to observe this effect at the nσ level, the required number of B mesons are N B = n 2 /(Bε 2 ). If the branching ratio takes on the following values
then to be able to observe T-violating effects of O in the B → K * ℓ + ℓ − decay at 3σ level, with ε ∼ 3%, at least
9 , for µ mode,
B mesons are needed. Since at LHC and BTeV machines 10 12 bb pairs are expected to be produced per year [26] , the observation of T-violating effects in the B → K * ℓ + ℓ − decay is quite possible.
Appendix A :
In this appendix we present the explicit expressions of the functions A, B and N i entering into Eqs. (7) and (8) .
where v = 1 − 4m 2 ℓ /q 2 is the lepton velocity and superscripts denote helicities of the lepton and antilepton and subscripts correspond to the helicities of the K * meson, and furthermore
2) 2) The same as in Fig. (1) , but for the Wilson coefficient C LR . Fig. ( 3) The same as in Fig. (1) , but for the Wilson coefficient C RR . Fig. (4) The same as in Fig. (1) , but for the Wilson coefficient C RL . 
